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Summary 
Two kinds of fracta1 analyses， p1ane and cubic， on the structure of root systems were 
conducted using several plant species， soybean (Glycine mαx Merr.) ， kidney bean 
(Phaseolus vulgar，おL.)， alfalfa (Medicago sativa L.)， adzuki bean (Pha守eo1u5ω1.gularis L.)， 
peanut (Arachis hyρogaea L.) ， cowpea (γz出IaSZη6刀sisEndL) ， and maize (Zea mays L.)， in 
order to determine the factors that affect the fractal dimension (D). 
For the cubic analysis， plants were grown in 40 cm long， 90 cm deep and 40 cm wide 
boxes filled with 10am soil. The detection of root existence in each soi1 cube was made by 
eye-inspection. For the p1ane analysis， p1ants were grown in root boxes made from a half 
of Wagner pot having a transparent p1astic p1ate on one side. The photo-image of roots 
which could be observed through the plastic plate were taken at several growth stages and 
used for analysis. The detection of root was made in cubic units of side 1， 2， 4 and 8 cm 
in cubic analysis and in square units of side 1， 2， 3司4and 5 cm in p1ane analysis. The fractal 
dimension (D) was determined as a regression coefficient between logarithms of the side 
length of cubes or squares and thier numbers in which root existed 
As a result of cubic analysis， itwas clarified that the highest fractal dimension 
indicating high root branching was marked right below the soil surface， but it decreased 
with depth (Fig. 2). On the other hand， the fractal dimension in the vertical soil profile was 
low near the tap root， increased as the distance fro11 the tap root increases， and decreased 
in further distant profile as shown in Fig. 3. 1n the case of plane analysis， the fractal 
dimension increased gradually and reached to the plateau according to the growth stages， 
and the overall tendency was similar among species (Fig. 4)ー Moreover，a close relation-
ship was recognized between the fractal dimension and the shoot growth (Table 2). 
Resu1ts suggested that the fractal dimension could be a usefu1 parameter for determination 
of the structure of root syste111s. 
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材料と方法
材料には，ダイズ，インゲ、ンマメヲアルフアルフアヲアズキヲラッカセイ，ササゲならびに





















Fig. 2. Change ()f fractal dimension of soybean 
root system with soil depth in cubic analy-
SIS. 
Cubic analysis( a) Plane analysis 






方体あるいは正方形の数を N (r) とするとき，
N (r) =A • r-D………………….・H ・-…………………………………………掬H ・H ・.…(1)
(1)式のような関係が得られた場合ラもとの留形はフラクタルであり， Dをフラクタル次元とい
う@この式の両辺の対数をとると，
































1.5 。 4 8 12 16 20 アルフアルファを除いてインゲンマメラ トウモロ
コシおよびダイズでは，地表からの深さによるフ
Distance from the tap root (cm) 
r ラクタル次元の変化が明確には見られなかった@
Fig. 3. Change of fracta! dirnension of soybea 
nアルフアルファではフラクタノレ次元が他作物に比
root systern according to the distance frorn 
the tap root. べて低し特に地表から20cm~40cm の深さで低
Tab!e 1. Comparison of fracta! dimension of root 
syst日m 日mongplants by cubic analysis 
mad巴atharvest stage. 
Soilc均出(cm) Kiclnev険加 Alfalfa Maize Soybean 
0-20 2.86 2.34 2.98 2.92 
20-40 2.88 1.85 2.98 2.87 











シラインゲンマメおよびササゲラダイズと続 1.1 L __.__.__.. 
1 3 5 7 
きヲアルフアルブアが最も運くなった。 Weeks af ter emergence 
またヲ最も高いフラクタル次元を示したの Fig. 4. Changes of fractal dimension of root 
は，アズキとトウモロコシで9 特に，アズキ system with growth in plane analysis 


























Table 2. Coefficient of corr巴lation between fractal 
































を撮影し調査に用いた.調査は立体的解析では，辺長をし 2，4， 8 cmとした立方体につい
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